To determine whether combined renal and cardiac function after acute myocardial infarction (MI) predicts 10 year mortality and heart failure (HF).
Introduction
Kidney function independently predicts mortality and morbidity after myocardial infarction (MI) 1, 2 and in heart failure (HF). 3 Even small decrements of kidney function are associated with increased mortality. 2, 4 Left ventricular dimensions 5 and contractile function 6 are also prognostic following MI, as is plasma N-terminal pro-brain natriuretic peptide (NT-proBNP). 7, 8 No prospective data for MI have addressed the long-term prognostic utility of kidney function adjusting for left ventricular ejection fraction (LVEF) and NT-proBNP levels. We have assessed the utility of combining indices of cardiac and renal function to stratify risk of mortality and HF hospitalization to 10 years after MI.
Methods Patients
This cohort study examined a community referral population of 1063 adults admitted to a coronary care unit with MI (the Christchurch Post Myocardial Infarction study). 9, 10 Subjects had ischaemic symptoms, ischaemic changes in two or more EKG leads, creatine kinase (CK) .400 U/L (reference range 25 -175 U/L), and troponin T 0.01 mg/L (reference range ,0.03 mg/L). Age over 80 years, immediate HF, and death within 24 h of symptom-onset were exclusion criteria. The study was approved by the local Ethics Committee in accordance with The Declaration of Helsinki; all patients gave informed consent.
Study design
Venous samples were drawn between 24 and 96 h of symptom onset. Plasma was stored at 2808C until extraction and radioimmunoassay for NT-proBNP (reference range 17 -424 pg/mL).
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Radionuclide ventriculography was conducted within 24 h of blood sampling with a General Electric 400 AC gamma camera (Philadelphia, PA) interfaced with a 3000I computer system after in vivo technetium-99M red blood cell labelling. Glomerular filtration rate (eGFR) was estimated 12 using the earliest recorded plasma creatinine level.
Study outcomes
The primary endpoint was all-cause mortality. Secondary outcomes were pre-discharge death or HF, or HF requiring re-admission to hospital. Deaths and HF events were documented during planned clinic assessments in the first year, annual questionnaires for 5 years and . , 1000 pg/mL, and 50%, respectively). Kaplan -Meier event curves, stratified according to eGFR, NT-proBNP, and LVEF dichotomized about clinical cut-off values (alone and in paired combinations) to predict long-term mortality and HF, were compared using log-rank tests. Estimated GFR was also analysed according to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (KDOQI TM ) categories of chronic kidney disease (above 90, 60 -90, 30 -59, 15 -29, and below 15 mL/min/1.73 m 2 ). 13 Logistic regression was used to determine unadjusted risks of in-patient and long-term mortality or HF. Multivariable regression analyses were conducted to test the independent predictive power of eGFR, NT-proBNP, and LVEF for predefined outcomes. These models incorporated accepted clinical predictors of each outcome as covariates, thereby allowing us to test the additional prognostic power of the three putative predictors. Age, prior MI, and diabetes were incorporated in the model used to predict in-patient HF; age, gender, antecedent co-morbidity, medication, and in-patient percutaneous transluminal coronary angioplasty (PTCA) were incorporated into the multivariable model used to predict long-term mortality and HF. To evaluate the relative independent predictive power of baseline NT-proBNP compared with LVEF for long-term mortality and HF, each variable (expressed as a standardized z-score) was separately incorporated into the multivariable regression model. P , 0.05 was taken to indicate clinical significance for all analyses. Statistical analysis was conducted using SPSS version 13 (SPSS Inc., Chicago, IL).
Results
At baseline, all 1063 patients had a GFR estimated ( Table 1) , 98% had NT-proBNP measured, and 92% underwent cardiac scanning.
Mean eGFR was 82.6 + 23.6 mL/min/1.73 m 2 . Patients with 'lower' eGFR (below 60 mL/min/1.73 m 2 ) had higher NT-proBNP levels, increased cardiovascular comorbidity, and lower post-infarct LVEF ( Table 1) . Peak troponin I, infarct territory, and proportions of patients with ST-segment elevation were similar for 'higher' (above 60 mL/min/1.73 m 2 ) and lower eGFR. Rates of PTCA were also similar between levels of eGFR. Univariable correlations between eGFR and the cardiac variables (NT-proBNP and LVEF) were -0.26 and 0.10, respectively (P , 0.01).
Twenty-three (2.2%) patients died and 192 (18.1%) developed HF during the index hospitalization. Patients with higher NT-proBNP and lower eGFR and LVEF values had higher unadjusted mortality and HF rates during the immediate post-infarct period (P , 0.05) ( Table 2 ). In multivariable regression analysis, LVEF and NT-proBNP, but not eGFR, independently predicted in-patient HF (P , 0.05).
Median follow-up was 9.3 (IQR, 5.0-13.4) years with 68% of patients completing 10 years observation. Thirty percent of patients died during follow-up (including 44% patients with completed 10 year follow-up). Lower eGFR and LVEF and higher NT-proBNP were associated with higher 10 year mortality (P , 0.001) ( Figure 1 ). Long-term survival was also significantly lower in patients with an estimated GFR below 90 mL/min/1.73 m 2 (36%) compared with an eGFR above 90 mL/min/1.73 m 2 (19%) (P , 0.001).
Combining eGFR with NT-proBNP further refined risk stratification. Over half (60%) of patients with a combined lower eGFR and higher NT-proBNP level died compared with 14% of patients with lower NT-proBNP and higher eGFR values (P , 0.001) (Figure 2) . The corresponding odds ratio (OR) for 10 year mortality was 9.1 [95% confidence interval (CI), 5.2 -16.0] ( Table 3) .
Combining categories of eGFR and LVEF also refined risk stratification better than either marker alone. Higher LVEF and eGFR conferred lower mortality (17%) especially compared with combined reduced LVEF and lower eGFR (58%, P , 0.001) (Figure 2) . In multivariable analysis, eGFR independently predicted mortality, as did NT-proBNP and LVEF ( Table 4) , 1000 pg/mL, and 50%, respectively.
Renal and cardiac function after acute MI z-scores), baseline NT-proBNP (adjusted HR 1.3, CI 1.2 -1.5) and LVEF (adjusted HR, 1.4, CI 1.2 -1.6) were associated with a similarly increased risk of long-term mortality.
Overall, 175 patients (16%) required hospitalization for HF. Higher NT-proBNP and lower eGFR and LVEF values were associated with increased HF hospitalization (P , 0.001). Combining NT-proBNP and eGFR improved risk stratification for HF over 10 years ( Figure 3) . Patients with combined higher NT-proBNP and lower eGFR incurred an HF rate of 34% compared with 7% of patients with low NT-proBNP and high eGFR values (OR 6.2, CI 3.5-10.7, P , 0.001). Combining LVEF with eGFR also permitted additional risk stratification for HF ( Figure 3) ; a 5-10% difference in risk of HF was found within each category of LVEF when comparing the risk in subgroups with higher and lower eGFR. This risk stratification for HF re-admission persisted through 10 years of follow-up ( Table 3) .
In multivariable analysis, eGFR, NT-proBNP, and LVEF remained independent predictors for new-onset HF ( Table 4) . When incorporated into the multivariable regression analysis individually (as standardized z-scores), baseline NT-proBNP (adjusted HR 1.4, CI 1.3 -1.6) and LVEF (adjusted HR, 1.4, CI 1.2 -1.6) were associated with a similarly increased risk of long-term HF.
Discussion
In over 1000 patients with MI followed for 10 years, combining kidney function (eGFR) with cardiac performance (NT-proBNP or LVEF) improved risk estimation for both mortality and HF, compared with information provided by any one of these variables in isolation. Presence of both reduced eGFR and elevated NT-proBNP identified patients with a high 10 year risk of death or HF after MI. Similar refinement of risk stratification was provided through combining eGFR with LVEF, using the reproducible technique of radionuclide ventriculography. 14 Whether the augmented risk of morbid and mortal cardiovascular events after MI associated with reduced renal function simply reflects the degree of cardiac injury or whether there is a specific pathogenetic role for renal dysfunction underlying later adverse outcomes remains unclear. Even minor kidney dysfunction is associated with altered homeostasis, including increased inflammatory cytokines and endothelial dysfunction, which predicts cardiovascular mortality. 15, 16 Experimental renal ablation leads to increased myocardial fibrosis 17 and collagen content 18 resulting in diastolic dysfunction and subsequent hypertrophic progression with systolic ventricular impairment. These findings suggest a potential causal role for kidney dysfunction in poorer outcomes after MI. The strong relationship between kidney dysfunction and elevated natriuretic peptide levels also might reflect a higher prevalence of pre-existing cardiac structural abnormalities in patients with kidney dysfunction. 19, 20 Lower kidney function (eGFR , 60 mL/min/1.73 m 2 ) in our analysis was not associated with markers of more severe MI at baseline such as peak CK, infarct territory, or ST segment elevation but was associated with a greater burden of pre-existing cardiovascular disease and impaired ventricular function at baseline ( independent predictors of mortality, are likely to be influenced by factors which concurrently influence renal function (including blood pressure, age, and diabetes). Their evaluation by echocardiography may provide further insight into the relationships between kidney dysfunction and long-term mortality after MI.
Patients with impaired kidney function may be less likely to receive medication proved to improve outcomes after MI. We observed that lower eGFR was associated with reduced prescription of beta-blockers and inhibitors of the renin -angiotensin system at discharge, therapies both known to reduce mortality 23 and HF. 24 The reasons for lower prescription rates cannot be determined by our study design although reduced tolerance of beta-blockers may reflect increased comorbidity (including an increased prevalence of peripheral vascular disease) ( Table 1) .
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Our data extend previous reports of the influence of kidney function on outcomes after acute coronary syndromes 2,4,26 -29 and confirm that small decrements in kidney function within the normal range portend poorer clinical outcomes. The findings of our study corroborate a recent report demonstrating an association of kidney dysfunction with increased adjusted 10 year mortality after MI in those with an eGFR below 74 mL/min/1.73 m 2 . 4 Combining kidney function with concurrent NT-proBNP or LVEF allowed us to further stratify estimates of 10 year mortality risk using cut-off values for kidney and cardiac function that are clinically intuitive.
We identified a population with a 10 year risk of death or HF 5-10 times that for patients with preserved cardiorenal function. Combining NT-proBNP or LVEF with kidney function has demonstrated refinement of risk stratification after MI over short-term follow-up (1 year) in the Global Utilisation of Strategies To Open occluded arteries IV (GUSTO-IV) trial. 26 NT-proBNP combined with eGFR provided the strongest prediction of death at 1 year, with unadjusted mortality for those within both lowest quartile of creatinine clearance (51 mL/min) and highest quartile NT-proBNP (.1869 pg/mL) of 25.7%, compared with 0.3% for those with creatinine clearance .84 mL/min/1.73 m 2 and
NT-proBNP 237 pg/mL. Cardiac imaging was not available in the GUSTO-IV analysis. We confirm a similar graded stratification for the combination of eGFR and NT-proBNP with escalating mortality rates in patients with poorest cardiorenal function and demonstrate this risk stratification persists to 10 years. In another study of 1051 patients with stable coronary heart disease, 30 no graded increase in combined fatal and non-fatal cardiovascular events was observed over 48.7 months of follow-up with decreasing eGFR when adjusted for NT-proBNP levels. However, mortality (2.9%) was far lower than in the current analysis, suggesting insufficient power to discern the relationships observed in the current report. Combined measures of cardiac structure and kidney function have also been shown to refine risk stratification at 12 months after MI. In the VALsartan In Acute myocardial iNfarcTion study (VALIANT), enrolling patients with impaired ejection fraction after MI, an eGFR below 60 mL/min/1.73 m 2 adjusted for LVEF and LVESV 31 was associated with increased all-cause mortality and hospital stay. Similar findings were observed in 3074 patients with chest pain without ST elevation. Creatinine clearance below 30 mL/min together with LVEF below 35% was associated with a "3-4-fold increase in all-cause mortality at 1 year compared with normal cardiorenal function. 32 We extend this knowledge, showing the increased risk of mortality and HF persists for at least 10 years after MI for patients with impairment of both renal and cardiac function.
Study limitations
The present cohort included unselected patients hospitalized to a single coronary care unit with acute MI; its strength lies in the duration of follow-up of a well-characterized cohort for cardiac and renal function. Our study however has limitations. The study excluded people over 80 years and analyses may not be representative for this older population who represent 20% of admissions for acute coronary syndrome. Further, the cohort was derived from patients admitted to a coronary care unit with a higher proportion of patients with ST-segment elevation at admission than is usually seen in a hospitalized MI population. While the current cohort was unselected for eGFR, very few (1.0%) patients had an eGFR ,30 mL/min/1.73 m 2 . The study included predominantly
Caucasian subjects and no conclusions can be drawn on interactions between ethnicity and cardiorenal function. Finally, as cause of death was not adjudicated, the effect of cardiorenal function on risk of cardiovascular mortality specifically cannot be determined in this study. 
Conclusions
Combining eGFR and cardiac function following MI can refine risk stratification for death and HF and identify patients for whom 10 year risks vary over a 5-10-fold range. Our findings suggest future studies of interventions to improve outcomes after MI should stratify patients according to both cardiac and renal function.
